Background: Glandular odontogenic cyst (GOC) demonstrates a significant predilection toward localized biologic aggressiveness and recurrence. GOC shares certain histopathologic features with intraosseous mucoepidermoid carcinoma (IMEC). The current investigation evaluates a group of recurrent, biologically aggressive GOCs to determine whether any cases demonstrated unique histologic features or mastermind-like2 (MAML2) rearrangements common to IMEC.
Methods: Microscopic slides from 11 previously diagnosed GOCs were stained with hematoxylin and eosin and assessed by 2 study participants for 10 classic histopathologic features required to establish a diagnosis of GOC. Cases were evaluated utilizing break-apart fluorescent in situ hybridization (FISH) analysis for the presence of MAML2 gene rearrangements. Clinical and demographic data on all patients were recorded.
Results:
The mean age for patients included in the study was 55.27 years with a range of 36 to 72 years. The most common presenting symptom was a jaw expansion, and all cysts presented initially as a unilocular or multilocular radiolucency. Cysts displayed a minimum of 6 of 10 histologic parameters necessary for a diagnosis of GOC. One case demonstrated MAML2 rearrangements by FISH. That case also showed marked ciliation of cyst-lining epithelial cells and extensive mucous-secreting goblet cell proliferation.
Conclusion: Findings in the current study are in concert with previous investigations, and although this study finds only limited molecular evidence to support the premise that recurrent biologically aggressive GOCs are a precursor to IMEC, detection of MAML2 rearrangements in 1 case suggests that such a theoretic transition, while rare, is possible. is an infrequent malignant salivary gland neoplasm of the jaws with a predilection for the mandible. 3 Accounting for 2%-4% of all reported cases of mucoepidermoid carcinoma (MEC), the origin of IMEC remains a matter of conjecture. One theory suggests that IMEC arises from ectopic salivary glands in the jaw bone, while a second developmental theory suggests that the tumor stems from the pluripotent nature of odontogenic epithelium. 4 There has been debate among investigators as to whether or not the GOC might represent a transitional precursor to IMEC.
Most MECs including intraosseous tumors harbor mastermind-like 2 (MAML2) gene rearrangements, a family of genetic alterations characterized primarily by translocation t(11;19)(q21;p13), resulting in CRTC1-MAML2 fusion. 5 CRTC1 is also known as mucoepidermoid carcinoma translocated 1 (MECT1). 6 The frequency of MAML2 gene rearrangements in IMECs is variable with studies reporting a frequency ranging between 75% and 85%. All cases assessed had to display at least 6 of 10 previously established histopathologic parameters required for the diagnosis of GOC as described by Fowler et al. 9 Formalin-fixed, paraffinembedded tissue blocks of all the 11 cases were available.
Hematoxylin and eosin-stained slides were prepared and reviewed for each case by 2 study participants who recorded the presence or absence of the microscopic parameters characteristic of GOC.
Special and immunohistochemical stains were available for review on 6 cases including cytokeratin 19 (CK19), mucicarmine (MUC), and periodic acid Schiff (PAS) stains.
| Detection of MAML2 gene break by FISH
Formalin-fixed, paraffin-embedded sections of 11 specimens were assessed. Sections were subjected to a dual-color FISH assay using the 3 | RESULTS
| Patient demographics are clinical symptoms
The mean age at diagnosis for the patients included in this study was 55.27 years with a range of 36-72 years (n = 11). Six patients were female, and 5 were male. Nine cases occurred in the mandible;
1 case presented in the maxilla, and in 1 case, the site of the lesion was not identified. The most common symptom documented at the time of initial cyst presentation and at the time of recurrence was "expansion of the jaw or swelling."
| Radiographic findings
All 11 cases assessed presented initially as a radiolucency of the jaw.
Four of 11 cases were described initially as multilocular lesions. The other 7 cases were described as a jaw radiolucency without any additional descriptors. One lesion was described as being in a periapical location, and 1 lesion was described as having a classic "traumatic bone cyst" appearance. Of the 4 lesions that were described as being multilocular at their initial presentation, 2 were described subsequently as being a multilocular radiolucency at the time of recurrence. One lesion recurred for a second time and was described as multilocular at the time of that second recurrence.
| Treatment modalities and follow-up
Although follow-up information was available for only 7 of the cases evaluated, all of the GOCs included in this study were known to be GREER ET AL.
| 193 recurrent lesions. The average length of follow-up was 6.1 years.
The average period of time between the initial treatment of any cyst and first recurrence was 3.6 years with a range of 1.5-5.5 years.
All cysts were treated initially in a conservative manner that included either local excision, enucleation, cystectomy, curettage, or peripheral ostectomy. Information regarding the management of recurrences was available on 6 of the 11 cases. Four cases were retreated at a second surgery by aggressive curettage and peripheral ostectomy. Two cases were retreated with peripheral ostectomy.
The 1 case that demonstrated a second recurrence was retreated by peripheral ostectomy.
| Microscopic findings
Ten specific and well-delineated microscopic parameters were employed to characterize and establish a diagnosis of GOC. These microscopic features were adapted from those described by Fowler et al. 9 For each case studied, the presence or absence of these 10 features was recorded independently by 2 study participants. A minimum of 6 of 10 histopathologic parameters were required for a lesion to be diagnosed as GOC. Those microscopic parameters are delineated below:
1. Intraepithelial microcysts or duct-like spaces ( Figure 1A ).
Vacuolated cells or cells with clear cytoplasm within the basal
epithelial and parabasal layers of the epithelial cyst lining ( Figure 1B ).
3.
Epithelial papillary projections into the cyst lumen ( Figure 1C ).
4.
Nodular epithelial spherules or plaque-like thickenings of lining epithelial cells ( Figure 1D ).
5.
Multiple cystic compartments ( Figure 1E ).
6. Eosinophilic cuboidal cells, known as "hobnail cells" along the surface of the epithelial cyst lining ( Figure 1F ).
7.
Apocrine snouting or rounding of hobnail cells ( Figure 1F ).
8.
Variations in the thickness of cyst-lining epithelium ( Figure 1G ).
9.
Solitary mucous cells or mucous-secreting goblet cells within the cyst-lining epithelium ( Figure 1H ). Figure 1I ).
Ciliation of cyst-lining epithelial cells (

| FISH analysis findings
Successful FISH analysis was performed on all 11 recurrent GOCs. 
| DISCUSSION
Glandular odontogenic cyst is an extensively studied developmental odontogenic cyst that has been well described clinically, radiographically, and histopathologically since its initial recognition. Two significant investigations, those of Fowler et al 9 and Kaplan et al, 11 have delineated the histologic criteria required for a diagnosis of GOC.
Kaplan et al have suggested that at least 4 major and 2 minor histologic features must be identified by the pathologist in order to definitively arrive at a diagnosis of GOC. Fowler et al, however, maintain that it is not a group of major or minor histologic criteria that must be met in order to establish a diagnosis of GOC, but rather a combination of 10 characteristic histologic features that best aid in establishing that diagnosis. We accepted a cyst as a GOC if 6 or more of the histologic parameters described by Fowler et al were identified microscopically.
In a univariate analysis of the 46 cases of GOCs examined by
Fowler et al, these investigators found that 43 of the cases studied displayed seven of the aforementioned diagnostic histologic parameters. 9 These investigators further point out that recurrent GOCs sometimes fail to exhibit many of these classic histologic features when compared to the initial biopsy specimens. This finding is supported by the current study, where 3 of our recurrent cases displayed only 6 classic GOC histologic features. All 11 cases in this study met that 6-parameter requirement.
Although most of the existing scientific literature supports the concept that IMECs and GOCs are separate and non-transitional entities, Fowler et al have demonstrated that IMEC and GOC clearly
share a histologic spectrum. 9 These investigators also report finding MEC-like islands in 3 of the 46 cases of GOC they studied, islands similar to those seen in IMECs. Interestingly, these investigators also report that in two of those three cases, the MEC-like islands that were identified invaded the bone. However, they conclude that the presence of these MEC-like islands likely has no clinical significance.
The investigation did not include molecular analysis for MAML2 gene rearrangements in the GOCs that were studied.
FISH analysis revealed that 10 of the 11 recurrent GOCs lacked MAML2 gene rearrangements. This finding is in agreement with the study of Bishop et al, which revealed that GOCs lack MAML2 gene rearrangements. 1 The most significant finding in the current study, however, was the detection of MAML2 fusion transcripts in one of our recurrent cases. This is, to the best of our knowledge, the first case of GOC reported in the English language literature to demonstrate positive MAML2 gene rearrangements. salivary gland MECs they studied. 6 It is also important to note that non-salivary primary MECs, such as thyroid sclerosing MEC with eosinophilia, lack MAML2 gene rearrangements 12 and that sclerosing MEC with eosinophilia has also been reported in salivary glands. 100% of the GOCs they studied, while only 50% of the 6 IMECs they studied showed CK19 expression. The 1 GOC that demonstrated MAML2 positivity in the current study was also strongly CK19 positive, further supporting a GOC diagnosis and classification despite the molecular findings.
| CONCLUSION
The distinction between GOC and IMEC can be a difficult diagnostic 
